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ABSTRACT 
Unmanned Aerial Vehicles (UAV), also known as Unmanned Aerial Systems (UAS), are becoming 
a preferred tool for geospatial data collection. With the large number of UAVs coming into the 
market, it is important for the end user to know which platforms have the capabilities to collect 
accurate data in accordance with the user’s requirements and needs. The importance of this 
information is critical for most projects as the UAVs fly at lower altitudes and can offer higher 
image resolutions and more accurate data collection than traditional aircraft.  
The purpose of this study is to research and compare different approaches for image data 
collection with RTK enabled UAV platforms. In order to conduct this research, three missions of 
imagery data collection of the same area were completed. The first two missions collected 
images with a GPS RTK unit on the UAV. The third mission collected data without this GPS RTK 
unit.  
Prior to the flight, a ground control network of about 31 points was established, and these 
points were surveyed with GPS. One third of the control points were surveyed as RTK GPS and 
the rest were surveyed by a static method and were post processed. Two control points were 
used as Base Stations.  
Imagery accuracy was determined by matching it to the positions of the ground control points 
after processing.  
 
 

INTRODUCTION 
Most of the current maps and GIS databases were or are produced with the help of spatially 
accurate remote sensing data. A big part of this remote sensing data is composed of images 
collected by satellites and airplanes. While images are used as a major source for developing 
spatially enabled applications or used in research and everyday work, at the same time they are 
not providing the most accurate spatial data. It is due to the fact that images, especially 
collected by aerial photography, are subjects of data processing known as photogrammetry, 
and their accuracy depends on several factors that include, but are not limited to, camera type, 
camera calibration, the flight altitude, and use of ground control points. The importance of 
using spatially accurate models is obvious because they allow for applications that are used by 
numerous government agencies and private organizations. While aerial photogrammetry is a 
great source of spatially enabled data, it has its limitations in relation to providing very accurate 
or detailed information.  
 
With UAV platforms, most of these limitations do not exist because they allow low flights and in 
patterns that are not possible for aircrafts or satellites. Due to this flexibility, low price, high 
accuracy, and faster project turn around, UAV platforms offer a unique opportunity to collect 
spatially accurate data that can be used in new applications in a variety of areas, like 
agriculture, public safety, emergency response, mining, and oil and gas industries. Most of 
these applications have been overlooked due to the high cost of acquiring data in conventional 
ways. A UAV’s ability to collect and deliver spatially accurate data with a faster turn-around and 
at a lower cost brings new attention to these applications. 



In spite of the proliferation of UAV platforms in the marketplace, many of these systems only 
incorporate low-grade GNSS technology to allow for geospatial analysis of the imagery or 
remotely sensed data. Furthermore, while many UAV operators may be well-versed in aviation 
operations, standards, and practices, they usually do not understand the process of precise 
photogrammetric methods, which include establishing controls and accurate image alignment.  

Most UAV models are directed to hobbyists, using simple remote control systems and image 
collection sensors like GoPro.   

However, a few UAV manufacturers offer more sophisticated platforms that come with flight 
and mission planning software. They allow the operator to prepare controlled flight plans to 
cover specific areas of interest. They also provide a choice of sensors, including RGB imagery, 
LiDAR, infrared, and multispectral. The ability to plan and execute highly accurate missions 
helps in delivering the most value for the investment in time, equipment, and personnel. 
Traditional imagery collection methods have required single-engine aircraft, helicopters, and 
other more costly methods. Due to the higher cost per area of collection with these methods it 
has been necessary to either pay a higher price or collect less frequently. UAVs offer the ability 
to fly through smaller areas more frequently and with greater accuracy at a much lower cost.  

 

SUMMARY OF CONTRIBUTIONS 
The location of this project is the Peaceful Valley Scout Ranch, owned by the Denver Area 
Council of the Boy Scouts of America. The project area was flown with their express permission 
and appropriate policies for safety and risk management were followed.  

The surveying equipment, training, and data processing were provided by Frontier Precision, 
located in Arvada, Colorado. Equipment included two R-10 antennas, TSC Ranger data collector, 
Intuicom RTK Bridge, and a subscription to the Trimble VRS (Virtual Reference Station) with 
bases located in Elizabeth and Colorado Springs, Colorado. Ground control points were 
established and surveyed by Clay Cozart, Peter Morin, and Brian M. Coleman. 

The MaVinci Sirius Pro UAV and its various components were provided by Topcon. The UAS 
included the aircraft, MaVinci Pro Desktop, RTK antenna, and MaVinci connector for avionics.  
The camera used was a Panasonic Lumix Model DMC-GX1 with a 24 megapixel resolution, a 
calibrated aperture, and a nominal focal length of 14mm. Flight crews included Darren Robey, 
Tyler Sautter, David White, Jeff Cozart, Noah Coleman, Clay Cozart, Tim Roorda, Brian Coleman, 
Peter Morin, and Darrel Delarosa.  Flights were conducted on April 9th and May 15th, 2015.   

Data processing, analyses, and the final report were completed by Apostol Panayotov, PhD, 
Assistant Research Professor at University of Colorado Denver, Civil Engineering Department. 
 



GROUND CONTROL 
For the purpose of this project, three study areas of interest (AOI) of about 1 sq.km each were 
laid out. The AOI overlap each other by almost 90%. To accomplish this study, 31 ground 
controls points were established across the area of interest. The RTK ground control points 
were collected with a Trimble R-10 and a Ranger TSC data collector. A virtual reference station 
provided a base for correction using the Intuicom RTK Bridge. The static ground control points 
were collected using a Trimble 5800 GPS.  
  

Figure 1 - Project area map with control points 

 
 
In order to make ground control easily distinguishable in images every point was marked with a 
white 1.5 foot wide bucket lid. Static collected points were also marked with three black lines 
drawn on the lid from its center to the outer side of the lid.  
 

Figure 2 - Control point marks 

 



The test area included open land, wooded areas, a small lake, and a typical camp infrastructure. 
The ground control was measured using Trimble surveying equipment that employed both 
static (post processed) and RTK (real time kinematic) collection techniques. The Base Stations 
were established at control points 13 and 19. Control points 9, 10, 13, 20, 21, 22, 23, 24, 26 
were collected using 15 min fast static observation. All static points were post processed using 
the NOAA OPUS system. Post processing report is attached as separate document named PVSR 
05152015Baseline Processing Report.docx. 
 
The coordinates for the rest of the control points, including control points 1, 8, 11, 12, 14, 15, 
16, 17, 18, 25, 27, 28, 29, and 30, were determined by RTK observations using an Intuicom 
Bridge to incorporate base stations at Elizabeth and Colorado Springs known as Virtual 
Reference Stations (VRS) for real time correction of the observations.   
 
After the control network was established, Juniper Unmanned provided four files with control 
point data.  
 
Baseline processing is presented in the PVSR 05152015Baseline Processing Report.docx file, 
which is attached to this report. This file provides Geodetic coordinates, Heights, and Elevations 
for all Static points. The Ellipsoid Height (h) came from GPS measurement. Orthometric Height 
(H), also known as Elevation, was calculated during GPS data processing. This information was 
used to compute the Geoid Height (N) for static control points (N=h-H).  
 

Figure 3 - Table1 Control points heights 

 
 
The file BC-PSVR_RTK.csv provides a list of coordinates in SPCS Colorado Central, FIPS 0502, US 
Survey feet for RTK control points and Orthometric Heights in US Survey feet. This file was 
provided by Juniper Unmanned and it is a result of GPS data processing by TBC. 
 
 
 
 

 



Figure 4 - Table 2 RTK control points SPCS coordinates and Orthometric heights 

PN EASTING NORTHING Orthometric Height (ft) 

PT11R 1492774.598 3277798.837 6935.03 

PT14R 1492419.027 3278505.922 6948.619 

PT16R 1492987.166 3276905.497 6943.221 

PT17R 1492409.384 3275142.403 6868.219 

PT18R 1492829.746 3275341.444 6900.783 

PT25R 1492924.687 3277633.311 6947.045 

PT27R 1492730.909 3279052.446 6962.122 

PT28R 1492623.079 3279380.002 6966.133 

PT29R 1492265.406 3279148.278 6948.281 

PT30R 1491525.866 3278134.628 6979.226 

PT31R 1491645.892 3278962.731 6994.03 

 
The file Scout Ranch NEZ Point List.pdf provides a list of control points 1 to 15. Coordinates are 
in SPCS Colorado Central FIPS 0502, meter. Elevations also in meter. This file was received from 
Juniper Unmanned and it is a result of GPS data processing by TBC. 

 
Figure 5- Scout Ranch NEZ point list file 

 
The file Scout Ranch LLH Point List.pdf provides a list of control points 1 to 15 with their 
geodetic coordinates and Ellipsoidal Height in meters. This file was received from Juniper 
Unmanned and it is a result of GPS data processing by TBC. In accordance with the file header 
the geographic coordinate system is NAD83 (2011). 
 



Figure 6 - Scout Ranch LLH point list 

 

Because there wasn’t a single file that represents all points in one coordinate system, the 
information provide by Juniper Unmanned was used to generate the comprehensive list of 
control points coordinates in NAD83 (2011) geographic coordinate system. Control points which 
were collected by Static method are shown in red color, control points which were collected by 
RTK method are in black color, and points in green color are calculated from their SCPC values.  
  

 
 
 



Figure 7- Table3 Control points geodetic coordinates in NAD83 (2011) 

 

 
 

IMAGE DATA COLLECTION 
After the areas of interest were established, the UAV crew was deployed with the purpose of 

flying the study area and collect imagery. The chosen system was the MaVinci Sirius Pro, which 

included MaVinci Desktop software and an RTK base antenna. The other components were 

mission planning software, built-in GNSS with RTK capabilities, a GPS triggered camera, and 

IMU. The platform also had the ability to log and download the “a priori data or photo log” to 

the UAV software in order to apply corrections to the imagery.   

 



The flights over the area of interest were conducted over several days. Collected imagery was 
processed in one of two ways: raw imagery without photo log matching and imagery matched 
with the photo log. All flights were done using standard mission planning and included setting 
up the UAV’s Base Station directly over control point 13. 
 
Three flights were completed resulting in three different sets of images. The imagery collected 
from each flight was saved and processed.  The raw imagery and the “photo log” were saved as 
two separate files.  The raw imagery is actually “unprocessed” or “unmatched” imagery.  The 
same imagery and photo log were “processed” or “matched” in the field. This was done for 
Flight1 and Flight2 as each flight was intended to be used with a different number of control 
points collected by different surveying methods.   
 
Flight 1 and Flight 2 were conducted with the UAV’s GPS enabled and the images were post 
processed with the MaVinci software so that they included the GPS data in their EXIF header.  
Flight 3 imagery was collected with UAV’s GPS unit disabled. Therefore, this set of data was 
used as “raw imagery” without GPS data in their EXIF header and a subset of this data was 
processed in old photogrammetric fashion.  Because these images do not have any coordinates 
in their EXIF header, automatic image matching is not possible. A subset of about 64 images 
was selected in the center of the project area where few control points are clustered together. 
Then tie points were manually selected in each image and were used to stich images together 
in one block. Control points were also marked in each image and were used to run block 
adjustment.  
 
 

CONTROL POINTS DATA PROCESSING 
The first step in data processing was to develop a complete list of control points with their 
geodetic coordinates in DMS and DD, State Plane coordinates (ft.), Orthometric Height (H), 
Ellipsoidal Height (h) and Geoid Height (N) in meters and US Survey ft. The table Survey 
Control.xlsx provides this information as separate file. 
 
It is important to mention that the geographic coordinates in the image EXIF header are in 
WGS84, while the control points were in NAD83(2011). Due to this discrepancy and the fact 
that the images cannot be converted from WGS84 to NAD83 (2011) in Photo Scan because the 
software does not have NAD83 (2011) in the library, the control point coordinates were 
converted to WGS84 so the image data and control points are in the same coordinate system. 
The coordinate conversion was done by NGS HTDP software which uses IRTF2008 as a common 
frame for this conversion process. This information is presented in “NAD83 (2011) toWGS84” 
tab in Survey Control.xlsx. The table with both NAD83 (2011), GWS 84 and their differences in 
Latitude, Longitude and Ellipsoidal height (h) is saved as “WGS84-NAD83 (2011) DIFFERENCE” 
tab in Survey Control.xlsx file and shown in Table 4. 

 
 



Figure 8-Table 4 – WGS84, NAD83 (2011) coordinates, Height and their differences 

 

Then final list of control points with their geodetic coordinates in WGS84 and their Ellipsoidal 
(h) and Orthometric Heights (H) in meters was created. Control points collected by Static 
observation are presented in red and RTK collected points are in black.  

 

 

 

 

 

 

 

 

 

 



Figure 9-Table 5 - Final list of control points in WGS84 (DD) 
 

 
 
 



IMAGE DATA PROCESSING 
Image data processing was completed using Agisoft Photo Scan 1.1.6 (64bit) software. 
Data processing began with a visual evaluation of the images of each flight plan. Images which 
were not related to the project area, or images which do not have project information, such as 
close capture of the ground before the flight begins, were identified and deleted. The total 
number of collected images per flight, and the number of used for processing, are presented in 
the Table 6 below.  

 
Figure 10-Table 6 – Number of images per flight 

 

  Flight 1 Flight 2 Flight 3 

Total number of collected  images 773 771 848 

Total number of images used for processing 763 757 64 

 
In order to find what combinations of image data and control point collection provide for the 
best accuracy, the following data processing approaches were used: 

 Flight 1 data was processed with all control points presenting a mixture of RTK and 
Static points. Project folder name: Flight1_WGS84_composit 
 

 Flight 2 data was processed with all control points presenting a mixture of RTK and 
Static points. Project folder name: Flight2_WGS84_composit 
 

 Flight 1 data was processed with Static control points. Project folder name: 
Flight1_WGS84_Static 
 

 Flight 1 data was processed with RTK control points. Project folder name: 
Flight1_WGS84_RTK 
 

 Flight 2 data was processed with Static control points. Project folder name: 
Flight2_WGS84_Static 
 

 Flight 2 data was processed with RTK control points: Project folder name: 
Flight2_WGS84_RTK 
 

 Flight 3 data was processed by manually finding and selecting tie points and control 
points in about 64 images from the area of interest. Then the coordinates and 
Orthometric Height were entered manually and block adjustment was completed. Two 
subprojects were completed: 

o Flight3_WGS84 
o Flight3_Local 

To keep the data processing consistent and make the final results comparable, the same steps 
and settings were applied during the image data processing with Photo Scan software. The 
order of steps and applied settings is: 



 
1. Import images in Photo Scan 
2. Visually check images and delete images which are: not related to the project area, 

lacking spatial information in their EXIF header, are close capture of ground before the 
flight began or during the landing process 

3. Calculate image quality. Photo Scan has the capability to automatically find out poorly 
focused images and calculate the quality of the image on a scale from 0 to 1.  

4. Remove images with quality less than 0.7 
5. Set the project Coordinate System to WGS84  

 

 
 

6. Align photos based on their EXIF header coordinates and set of key points automatically 
selected by the software  
 

 
 

7. Identify and delete the images with no error or images at the edge of the project area 
which have obviously large errors after the alignment was completed 



8. Import control points with their Latitude, Longitude and Ellipsoidal Height into Photo 
Scan 

9. Automatically create markers from imported control points 
10. Filter photos by marker and closely investigate the positioning of the marker on the 

image. Adjust the marker position if necessary to match the target position on the 
image or discard the image if the marker was placed on the wrong image 

11. Optimize camera alignment based on markers data only 
 

 
 

12. Build dense point cloud 
 

 
 
 
 
 
 



13. Build mesh 
 

 
 

14. Export Orthophoto with associated KML and World files 
 

 



15. Export DEM with associated KML and World files 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



16. Export point cloud 
 

 
 
 
Each process results, reports and final exports are saved in separate folders named after the 
flight and control point type. 

Figure 11- Data folder structure 

  
 
 
 
 
 
 
 
 



FLIGHT 3 DATA PROCESSING 
Flight3 was processed differently from Flight1 and Flight2 because the images were collected 
with the RTK GPS unit switched off. This method of data collection does not allow for images to 
be matched with the flight log file and assign WGS84 coordinates and proper height, therefore 
the images were left “unmatched” with local coordinates instead of WGS84 coordinates in their 
header. 
This type of data can be processed in one of two ways: 

 Method 1 is based on an old school photogrammetric process that requires manual 
identification of tie points (photo identifiable objects) on each image and use of tie 
points to stitch the images together in one block or blocks. It is also important to apply 
proper camera calibration and orientation. After the block(s) are created, control points 
should be identified manually and used to complete block adjustment. This type of data 
processing is tedious, requires robust photogrammetric software and advanced 
photogrammetric skills, and is prone to errors.  
 
Note: Method 1 one was excluded from this research because of two reasons: it requires 

more sophisticated professional photogrammetric software; it was intended to use only one 
software so the final results are comparable and do not depend on software capabilities. 

  

 Method 2 is to use current photogrammetric software capabilities which allow creation 
of a block of images based on image’s local coordinates, and image number, presuming 
that the images are taken in a consecutive way. Then tie points are generated 
automatically and matched by the software. After the block is developed, control points 
are identified manually and block adjustment is set to run.  

 
In both approaches Flight3_WGS 84 and Flight3_Local the final block is in WGS84 because the 
control points coordinates and elevations were used to transform the data into WGS84.  
Below is an example of the Method 2 completed in WGS84 and Local coordinates. In order to 
compare the final results and estimate the accuracy of the Orthophoto and DEM the settings of 
each step were kept the same. 

1. Process 1 name “Flight3_WGS84”; Process 2 name “Flight3_Local” 
2. Add 64 images into Photo Scan 
3. Estimate image quality and remove images with quality less than 0.7 
4. Process 1 - Set the coordinate system to WGS84; Process 2 – use image’s “local 

coordinate” system 
 
 
 
 
 
 
 
 



5. Align photos with disabled image pairing 
 

 
 

6. Import control points and place markers in each image 
6.5.  For Project 2 – set coordinate system to WGS84 

7. Run optimization 
8. Create dense point cloud 

 

 
 

9. Build Mesh 
 

 



10. Export Orthophoto 
 

 
 

 
11. Export DEM 

 



12. Export Point Cloud 
 

 
 
The results of the data processing for Flight3 are saved in Flight3_WGS84 and Flight3_Local 
folders. The name Flight3_Local indicate that the initial image alignment was completed in the 
so called “local coordinate system”, but the final results such as DEM, Point Cloud, and 
Orthophoto are in WGS84 because the block adjustment was based on control point’s data.  
The same control points (11, 22, and 26) were used in both approaches. 
The determination of the errors was done following the steps already completed in Flight1 and 
Flight2. 

1. Orthophoto and DEM were imported into ArcMap 
2. Points feature classes CP_Fligh3_WGS84 and CP_Fight3_Local were created 
3. Control points coordinates and ellipsoidal heights were extracted from the Orthophoto 

and DEM data 
4. ECEF coordinates were calculated and then compared to the original ECEF coordinates 

of the control to calculate the difference DX, DY, DZ and DS as well as RMSE and 
accuracy at 95% 

 
 
 
 
 
 



RESULTS AND ANALYSIS OF ACCURACY (Flight1 and Flight2) 
The results of data processing are found in the reports provided by Photo Scan. Two different 
reports were created for each Flight 1 and Flight 2 projects. The first report was exported after 
image alignment based on EXIF data. The summary of these reports is presented in RESULTS 
AND STATISCS.XLSX file, tab “Align photos reports”.  

 
Figure 12-Table 7- Summary of aligned photos reports 

 

 
The summary presents that flights were taken at an average of 123m above ground with 
ground resolution of 3cm. Due to the usage of a pre-calibrated camera, the image residuals are 
almost the same for both flights. The average camera location was calculated by Photo Scan 
based on coordinates of EXIF header.  
 
The second report was exported after the camera optimization was completed based on 
control point markers. Control points and check points errors summary is provided in RESULTS 
AND STATISCS.XLSX file, tab “Camera optimization reports”.  Each report has a table showing 
the errors for control points after the optimization process was completed. An example of 
Flight1_WGS84_composit, Table 8, and Flight1_WGS84_RTK, Table 9, are presented below. 
 



Figure 13-Table 8 - Flight1_WGS84_composit report 
 

 
 

Figure 14-Table 9 - Flight1_WGS84_RTK report 

 



 
Flight1 and Flight2 composite reports do not have errors for “Check points” because all control 
points were used for optimization. The RTK and Static reports for both Flight1 and Flight2 
provide two different set of errors. One set is for control points used to optimize the images 
and the second set is for check points, which actually are control points not used for 
optimization, but are present in the project area. Table 10, representing errors per flight and 
processing type was generated.  

 
Figure 15-Table 10 - Summary of errors 

 

 
 

 
After the data was processed by Photo Scan and reports were exported and summarized, then 
the list with original coordinates in WGS84 of the control points was used to develop 
“ControlPoints_WGS84” ArcGIS feature class. The “ControlPoints_WGS84” feature class was 
added into ArcGIS Map and orthophoto of each project approach was overlaid. A new point 
feature class was created for each of the processed categories aka “CP_Flight1_WGS84_RTK”. 
The coordinates of the control points were extracted from each orthophoto and were saved in 
the relevant point feature class. Then each DEM file was overlaid and ellipsoidal heights were 
calculated for the same control point. Having the geodetic coordinates and Ellipsoidal Heights 
the next step was to calculate ECEF coordinates for control points. The ECEF coordinates were 
used to calculate the 3D vector difference between the original control point’s position and the 
position of control points calculated from orthophoto and DEM data. Summary of the 3D vector 



calculation is presented in Table 10 where DX, DY, DZ and DS (3D vector) are averaged 
differences in participating control points per each processing approach.   

Figure 16-Table 11 - Average error of control points 

 
 

The averaged differences from Table 11 were used to compute RMSE and Accuracy at 95% 
confidence which data is presented in Table 12. 
 

Figure 17-Table 12 - Summary of RMSE and Accuracy at 95% for control points in each 
processing type 

 

 



CONCLUSIONS 
The results of this research inevitably prove that UAV image data collection can produce final 
orthophoto, DEM, and Point Cloud with accuracy in the centimeter range - as is shown in Table 
10 and Table 11.  
It is also clear that the final product accuracy is not really dependent on the method of the 
control point’s data collection, Static vs. RTK, but rather on even distribution of control points 
across the project area, properly calibrated camera, following standard surveying practices to 
establish and collect control and check points and standard photogrammetric procedure for 
data processing. This can be proven by comparing the results of data accuracy along processing 
path. In the Table 13 below can be seen that the worst results are shown in three places: 
Flight3, Flight1_WGS84_Static and Flight2_WGS84_Static.  

Figure 18-Table 13 - Summary of errors, RMSE and accuracy at 95% confidence 

   
 



The explanation for Flight1_WGS84_Static and Fligh2_WGS84_Static is simple: Static control 
points are clustered on one side of the project area and RTK points are covering another 
portion of the project area. Another factor is also the number of points used to optimize the 
image cluster. It is clearly seen in the image below that static points were only 5, versus RTK 
points which are 12. Thus, the small number of points and their uneven distribution cannot 
provide solid information for image optimization of the entire project area if only one set of 
points, RTK or Static control, is used for fine block adjustment.  
 

Figure 19 – RTK (blue) and Static (red) control points 
 

 
 
This reflects directly in the quality of the final generated product as DEM and Orthophoto since 
they will inherit these inaccuracy. The errors could be significant, as it is in the 
Flight1_WGS84_Static process case. On the other hand, when all control points were used as 
was the case in Flight1_WGS84_composit and Flight2_WGS84_composit, the errors are very 
small and the final product is highly accurate.  
 
 



FLIGHT3 RESULTS, ANALYSES AND CONCLUSIONS 

The analysis and results of Flight 3 are discussed distinct and separately because of the fact that 
the data was collected in the hobbyist manner without any GPS units attached to the camera 
and unknown camera calibration parameters. This data processing was performed only to show 
that “wild” data collection without following standard photogrammetric practice and 
understanding the principals of photogrammetry can be very dangerous. Apparently the data 
can be processed and final product like Orthophoto and DEM can be generated. The accuracy 
level could be very high as it is shown in the Flight3_Local_optimization report.pdf and 
Flight3_WGS84_optimization report.pdf documents. 

Figure 20 - Error report from Flight3_Local 

 
 

Figure 21 - Error report from Flight3_WGS84 

 
 
The errors are so small that the acceptance of this relative accuracy for true accuracy can lead 
to a dangerous path of use of spatially incorrect data. The data in Figure 22 and Figure 23 
presents the actual errors, RMSE, and accuracy.   
 
 
 
 
 
 
 
 



Figure 22 - ECEF errors, RMSE and 95% confidence level for Flight3_Local 

 
 

Figure 23 - ECEF errors, RMSE and 95% confidence level for Flight3_WGS84 

 
 
 
The errors are in meters, with maximum error being in DZ (ellipsoidal height).  
 
Where did such big errors come from if this block of 64 images was adjusted by control points?  
 
The answer is in the process which most of the UAV users employ to generate quick and 
apparently inaccurate, but good looking data. Current software applications rely on automatic 
ways of point recognition and then match these points to combine images together and 
generate point cloud. While there is nothing wrong with this technique, one of the main factors 
which is not taken into account is the camera calibration and camera orientation. The 
determination of exact interior orientation parameters is playing a high role in precise object 
reconstruction. Miscalculation of the exact camera position directly affects the accuracy of the 
point cloud. Another important factor is the number and positional accuracy of the control 
points used for exterior orientation. In Flight 3 case the positional accuracy of the control point 
is in centimeter level. However, the errors are so big because Flight 3 was processed without a 
photo log to provide detailed information about interior orientation, no GPS coordinates on 
EXIF header, and only three control points for exterior orientation.   
 
 



RECOMMENDATIONS 
This research project certainly proves that despite the UAV capability to fly low and collect 
images with resolution of 2-3cm, it is still very important to follow the standard 
photogrammetric practice for data collection and processing. Based on the lessons learned 
from this project it is suggested that the following recommendations be taken in account: 

 Prepare detailed project documentation based on standard photogrammetric 
practice which includes, but is not limited to flight planning, control and check points 
site selection and marking 

 It is strongly advised that the locations and marking of the control and check points 
is carefully planned and evenly distributed across the project area 

 GPS data collection of the control points to follow standard surveying practices and 
be properly post processed 

 GPS data collection and processing should be completed before image data 
collection is executed 

 The UAV GPS and the GPS used to survey control points have the right Datum and 
Geoid 

 Control points and image data should be in the same coordinate system 

 Use calibrated high resolution camera to avoid problems with image quality and 
minimize lens distortions 

 The RTK enabled GPS onboard UAV should not be turned off 

 Post processing of the images to attach the coordinates from UAV image log file into 
their EXIF header is required 

 Image optimization (fine block adjustment) should be based on accurate control 
points  

 It is advisable to employ more robust photogrammetric software which allows 
higher project control by manually digitizing tie points in the case of missing 
coordinates in images EXIF header 

 
 


